ABSTRACT Background: In high-income countries, high socioeconomic status (SES) is generally associated with a healthier diet, but whether social differences in dietary intake are also present in low-and middle-income countries (LMICs) remains to be established. Objective: We performed a systematic review of studies that assessed the relation between SES and dietary intake in LMICs. Design: We carried out a systematic review of cohort and crosssectional studies in adults in LMICs and published between 1996 and 2013. We assessed associations between markers of SES or urban and rural settings and dietary intake. Results: A total of 33 studies from 17 LMICs were included (5 lowincome countries and 12 middle-income countries; 31 cross-sectional and 2 longitudinal studies). A majority of studies were conducted in Brazil (8), China (6), and Iran (4). High SES or living in urban areas was associated with higher intakes of calories; protein; total fat; cholesterol; polyunsaturated, saturated, and monounsaturated fatty acids; iron; and vitamins A and C and with lower intakes of carbohydrates and fiber. High SES was also associated with higher fruit and/or vegetable consumption, diet quality, and diversity. Although very few studies were performed in low-income countries, similar patterns were generally observed in both LMICs except for fruit intake, which was lower in urban than in rural areas in low-income countries. Conclusions: In LMICs, high SES or living in urban areas is associated with overall healthier dietary patterns. However, it is also related to higher energy, cholesterol, and saturated fat intakes. Social inequalities in dietary intake should be considered in the prevention and control of noncommunicable diseases in LMICs.
INTRODUCTION

Socioeconomic status (SES)
5 is a major determinant of health in high-income countries (HICs) and low-and middle-income countries (LMICs) (1) (2) (3) (4) . A healthier diet in high-SES individuals is one of the mechanisms that explains social differences in health (5) . Indeed, in HICs, high-SES individuals are more likely to consume healthy foods such as whole grains, lean meats, fish, low-fat dairy products, and fruit and vegetables, whereas people of low SES tend to consume more fat and less fiber (5, 6) .
Contrary to HICs, only a few studies have documented the social patterning of diet in LMICs. Although a large fraction of the population still lives below the poverty line and suffers from undernutrition in many low-income countries (LICs) (7), socioeconomic development is often accompanied by a nutrition transition characterized by a shift from traditional fiber and grains-rich diets to fat and sugar-rich diets (8) (9) (10) . This shift possibly occurs first in urban areas, with higher intake of polished compared with whole grains, fats, animal products, sugar, processed foods, and foods eaten away from home than in rural areas (8) . Moreover, the nutrition transition generally affects high-SES individuals first (10) , consistently with a generally higher prevalence of obesity in high-SES individuals in LMICs (11, 12) . However, the social patterning of a diet may reverse with the progression of the nutrition transition. Indeed, along with socioeconomic development, people of low SES tend to adopt unhealthier diets as data on obesity seemed to suggest (4, 13) .
It was estimated that 4 of 5 noncommunicable disease (NCDs) deaths now occur in LMICs (3) , and the NCD burden is expected to rise in the next decades in these countries (14) . Dietary patterns characterized by high intakes of salt, saturated fats, and sugar and low intakes of fruit, vegetables, and whole grains (15) are considered to be major risk factors for NCD development (5) . Thus, the promotion of a healthy diet at the population level is a priority for the prevention and control of NCDs as well as being an area of concern with regards to social inequalities in NCDs (15) . An understanding of the determinants of dietary patterns in LMICs is of particular importance if adequate preventive measures are to be established (16) . In this study, we conducted a systematic review to assess the current evidence on the social patterning of dietary intake in LMICs.
METHODS
Studies were identified in early 2014 by searching MEDLINE, Scielo, and Google Scholar electronic databases. No publication date restrictions were imposed. Search terms used are summarized in Supplemental Table 1 . When relevant articles where identified, their reference lists were also searched to identify additional articles of interest.
Cohort and cross-sectional population-based studies conducted in adults ($18 y old) in LMICs were included. At least one SES or location indicator (urban or rural) was used to categorize individual dietary intake, and each SES or location indicator had to include $2 comparison groups (e.g., high SES and low SES). Articles in English, French, Spanish, or Portuguese were considered. Studies that focused only on children, adolescents, pregnant women, or diseased subjects were excluded. Nonpeer-reviewed journals, duplicate publications, or articles restricted to an abstract (e.g., congress proceedings) were also excluded.
For all articles initially selected, titles were analyzed. Potentially relevant articles were identified, and full abstracts were examined by 2 reviewers to select the final articles for inclusion in the review.
For each study, the following data were extracted: country where the study took place, study period, sample size, dietary assessment methods, SES indicators (Supplemental Table 2 ), direction (Supplemental Figure 1) , and magnitude of the association between SES and/or location (urban and rural) and dietary intake. Dietary intake was examined as the quantity of nutrients consumed (e.g., grams, kilocalories, or percentage of energy), frequency of consumption (servings per day), compliance with national dietary recommendations, patterns, scores, or intakes of specific foods. Because there is no universal definition of a highor low-SES group, definitions used in articles were considered; a similar approach was performed regarding location. Some studies examined associations with more than one dietary factor. These articles were considered in more than one data extraction.
The magnitude of relative dietary differences between highand low-SES groups or urban compared with rural locations was either provided in studies as a relative measure [OR or prevalence ratio (PR)] or, in the absence of such values, was calculated by using the following formula (%) ½ðValue for high SES or urban group 2 value for low SES or rural groupÞ Ovalue for high SES or urban group 3 100 ð1Þ
Associations were classified as meaningful when they were either significant in the reviewed study or differences were clinically relevant (6) . We considered clinically relevant differences as follows: a 3% relative difference in energy intake [representing a weight gain of 2-4 kg/y (17)] or a 10% relative difference in total fat and dietary fiber intakes (representing a weight reduction of 1.5-2.0 kg/y) (17, 18) . For remaining dietary variables, an arbitrary 10% relative difference was determined as the cutoff for clinically relevant differences in intake between groups.
Associations with dietary intake were categorized according to SES or urban compared with rural settings. In addition, we considered separately countries classified as middle income or as low income by the World Bank (19) .
RESULTS
Included studies
A total of 66 articles were initially identified of which 33 studies (50%) complied with the inclusion criteria (Supplemental Figure 2) . The following included studies were conducted in 17 LMICs: 5 LICs [Bangladesh (20) , Benin (21, 22) , Burkina Faso (23, 24) , Mali (25) , and Mozambique (26)] and 12 middle-income 
Outcome variables refer to daily intake. Relative differences (%) ¼ [(value for high socioeconomic status or urban group 2 value for low socioeconomic status or rural group) O value for high socioeconomic status or urban group] 3 100. Relative differences between high socioeconomic status and low socioeconomic status or urban and rural locations were reported if significant at P , 0.05 or if the relative difference was $3%. Negative values refer to higher intake in the lower socioeconomic status or rural group compared with the high-socioeconomic status or urban group. None, nonsignificant associations. 2 Outcome variable represents an average of differences between high socioeconomic status and low socioeconomic status for years 1989 and 1997. 3 Indicator was obtained in an urban area. 4 Mean difference between urban and rural was already provided in the original article. The relative difference was not assessable. countries (MICs) [Honduras (27) , India (20, 28) , Indonesia (20) , Brazil (29) (30) (31) (32) (33) (34) (35) (36) , China (16, (37) (38) (39) (40) (41) , Colombia (42), Costa Rica (43), Iran (44) (45) (46) (47) , Mexico (48, 49) , South Africa (50), Thailand (20, 51) and Vietnam (20) ]. Four studies included only elderly subjects (aged $50 y) (29, 41, 47, 50) , 7 studies included only women (23, 24, 27, 34, 37, 39, 45) , and one study included only men (40) . Eighteen studies also included data from respondents aged ,25 y, who were sampled as part of the population.
Most studies were carried out between 2001 and 2010; 8 studies were conducted before 2000. Nine studies used more than one SES indicator; 8 studies used both SES and location indicators. Education was the most commonly used indicator (19 studies) followed by urban and rural locations (11 studies), composite SES measures (10 studies), and income (10 studies). Dietary intake was assessed via food-frequency questionnaires (16 studies), 24-h dietary recalls (11 studies), WHO Stepwise approach to surveillance questionnaires (2 studies), food records (2 studies), or other methods (2 studies).
Energy and nutrients
Nine studies, all from MICs, examined associations between SES or location and energy intake ( Table 1) . High education was significantly associated with higher caloric intake in 2 studies 
Outcome variables refer to daily intake. Relative differences (%) ¼ [(value for high socioeconomic status or urban group 2 value for low socioeconomic status or rural group) O value for high socioeconomic status or urban group] 3 100. Relative differences between high socioeconomic status and low socioeconomic status or urban and rural locations were reported if significant at P , 0.05 or if the relative difference was $10%. Negative values refer to higher intake in the lower socioeconomic status or rural group compared with the high socioeconomic status or urban group. EI, energy intake; None, nonsignificant associations. 2 Indicator was obtained in an urban area. Mean difference between urban and rural was already provided in the original article. The relative difference was not assessable. 
Outcome variables refer to daily intake. Relative differences (%) ¼ [(value for high socioeconomic status or urban group 2 value for low socioeconomic status or rural group) O value for high socioeconomic status or urban group] 3 100. Relative differences between high socioeconomic status and low socioeconomic status or urban and rural locations were reported if significant at P , 0.05 or if the relative difference was $10%. Negative values refer to higher intake in the lower socioeconomic status or rural group compared with the high socioeconomic status or urban group. EI, energy intake; None, nonsignificant associations.
[relative difference (D) = 5.6-11.7% of kilocalories for high compared with low education) (37, 39) and lower caloric intake in a Brazilian study (D = 222.0% and 218.2% of kilocalories in men and women, respectively) (29) . In the same Brazilian study, a higher purchasing power was associated with higher energy intake (D = 23.2% and 24.0% of kilocalories in men and women, respectively). Urban location was associated with lower caloric intake in Iran and Costa Rica but higher intake in Mexico (43, 46, 48) .
Eight studies, all from MICs, assessed associations between SES or location and protein intake ( Table 2) . High SES (measured through education, income, or composite indicators) (3 studies) (37, 39, 42) or urban location (2 studies) (46, 48) were significantly associated with higher protein intake. In one Brazilian study, the opposite association was observed, and high SES was associated with lower protein intake (D = 20.7% in women) (33) . Nonsignificant associations were shown in 2 studies (one association for SES and one association for urban location) (43, 44) .
Eight studies, all from MICs, assessed associations between SES or location and carbohydrate intake ( Table 3 ). High SES (3 studies) (33, 39, 42) and urban location (2 studies) (46, 48) were significantly associated with lower carbohydrate intake. Differences between high-and low-SES groups ranged from 21.1% in women (39) to 211.1% in men (33) . Nonsignificant associations were shown in 2 studies (for education and location) (43, 44) .
Nine studies, all from MICs, assessed associations between SES or location and dietary fat intake ( Table 4) . High SES (assessed through education, income, or composite indicators) or urban location were generally significantly associated with higher fat intake [total fat, cholesterol, PUFAs, SFAs, and MUFAs depending on the study]. Relative differences for high compared with low SES ranged from 6% for PUFAs in men (33) to 35% for SFAs in both sexes (48) . Urban compared with rural 
Outcome variables refer to daily intake. Relative differences (%) ¼ [(value for high socioeconomic status or urban group 2 value for low socioeconomic status or rural group) O value for high socioeconomic status or urban group] 3 100. Relative differences between high socioeconomic status and low socioeconomic status or urban and rural locations were reported if significant at P , 0.05 or if the relative difference was $10%. Negative values refer to higher intake in the lower socioeconomic status or rural group compared with the high socioeconomic status or urban group. EI, energy intake; None, nonsignificant associations. differences ranged between 6% for total fat (43) and 29% for MUFAs (48) in both sexes.
Four studies, all from MICs, assessed the associations between SES or location and fiber intake ( Table 5 ). An urban compared with rural location (2 studies) was significantly associated with lower fiber intake (D = 12%) (43, 48) , but higher fiber intake was observed in one study (D = 14.3% in women) (33) . Nonsignificant associations were shown in one study (for education) (44) .
Seven studies, all from MICs, assessed associations between SES or location and micronutrient (vitamins A, B-6, B-12, C, and E and thiamin, riboflavin, calcium, iron, potassium, sodium, or zinc) intake ( Table 6 ). High SES was significantly associated with higher vitamin intake in 4 studies (37, 39, 44, 48) . Relative SES differences ranged from 4% for iron to 42% for vitamin C in both sexes (48) . High SES was significantly associated with higher sodium intake in women in one study. Urban location was significantly associated with higher potassium and lower sodium intakes in one study in China (38) and higher intakes of vitamins in 2 other studies (46, 48) .
Dietary quality, diversity, and healthy pattern
Fifteen studies assessed the association of SES or location with fruit and vegetable intake ( Table 7) . High SES (12 studies) or urban location (4 studies) were significantly associated with higher fruit and vegetable intake or higher odds to comply with national recommendations. One study in an LIC (Benin) (21) and one study in an MIC (Mexico) (49) reported negative associations between urban location and fruit intake. In one study, the PR of fruit and vegetable consumption for low-compared with high-SES groups ranged between 0.30 and 3.63 for urban area intake in men and between 0.32 and 3.11 for rural and urban area intake in women (26) . In one study, an OR of inadequate fruit and vegetable consumption in the low-compared with high-SES groups ranged from 1.9 to 4.25 (20) .
Thirteen studies assessed associations between SES or location and either diet quality, diet diversity, or a healthy pattern ( Table  8) . High SES was significantly associated with higher animalsource foods in 3 studies (21, 25, 27) , 2 studies of which were in LICs. Nonsignificant associations were shown in 2 studies (16, 23) . High SES was significantly associated with a higher diet quality, diversity, and healthy pattern in 5 studies (22, 24, 30, 32, 45) , one study of which was in an LIC. One study reported a significant positive association between high SES and a healthy diet (PR of 0.59 and 0.60 for education and purchasing power, respectively) (34) . However, the study also reported a high-risk diet (e.g., fried foods and desserts) in high-SES groups (PR of 0.25 for low compared with high SES). Another study reported an association between high SES and a processed food pattern (PR of 1.25 for high compared with low education) (35) . Urban location was significantly associated with higher dietary diversity and animal-source food intake in 2 studies (21, 22) .
DISCUSSION
To our knowledge, this is the first study to systematically review the evidence on social differences in dietary intake in LMICs. Our findings suggested that, in LMICs, socioeconomic factors and geographical location have an impact on quantities and patterns of food intake with high-SES and urban individuals generally consuming a healthier diet. However, in MICs, high SES was also related to unhealthy dietary patterns such as higher energy and saturated fat intake. The SES-diet association was generally similar in MICs and LICs, although in LICs, data were available for only a few dietary outcomes (6, 8, 52) .
Energy and nutrients
The association of SES with energy intake showed no clear pattern. In general, high-SES individuals had higher energy intake, which reflected a greater access to both inexpensive energydense foods and expensive higher-quality food items. However, results were inconsistent, and some studies reported lower energy intakes in high-SES individuals. In Brazil, lower energy intakes in high-SES individuals might be related to the general decreasing intake of carbohydrates and increasing intakes of fat and proteins observed since the 1960s (53) . The nutrition transition in Brazil may be at a more-advanced stage than in other countries, with unhealthy dietary patterns already more common in low-SES groups. Energy intake was also higher in urban areas, which supported the higher prevalence of overweight and obesity in urban areas in LMICs (54) .
High SES and urban location were significantly associated with higher protein intake, which reflected the increasing intake of animal foods accompanying the nutritional transition (55) . Because only studies from MICs assessed protein intake, no firm Outcome variables refer to daily intake. Relative differences (%) ¼ [(value for high socioeconomic status or urban group 2 value for low socioeconomic status or rural group) O value for high socioeconomic status or urban group] 3 100. Relative differences between high socioeconomic status and low socioeconomic status or urban and rural locations were reported if significant at P , 0.05 or if the relative difference was $10%. Negative values refer to higher intake in the lower socioeconomic status or rural group compared with the high socioeconomic status or urban group. None, nonsignificant associations.
conclusions could be drawn for the SES-protein association in LMICs.
High-SES and urban individuals consumed less carbohydrates. This pattern was particularly evident in Latin America and might have been attributable to higher intake of processed foods (replacing traditional carbohydrate-rich diets) in high-SES individuals (53) . Types of carbohydrates consumed also differs between urban and rural areas, with urban populations consuming more polished grains (rice or wheat), which are more-often supplemented with vitamins and nutrients in MICs than LICs (8, 56) .
High-SES and urban individuals consumed more fat (total fat, SFA, MUFA, and PUFA). This finding was predictable because a fat-rich diet has been associated with increased prosperity (8) and supermarket expansion (12, 57) . A high fat intake may be a result of a greater intake of animal-source foods in wealthier 
Outcome variables refer to daily intake. Relative differences (%) ¼ [(value for high socioeconomic status or urban group 2 value for low socioeconomic status or rural group) O value for high socioeconomic status or urban group] 3 100. Relative differences between high socioeconomic status and low socioeconomic status or urban and rural locations were reported if significant at P , 0.05 or if the relative difference was $10%. Negative values refer to higher intake in the lower socioeconomic status or rural group compared with the high socioeconomic status or urban group. None, nonsignificant associations; RE, retinol equivalent. 2 Indicators were obtained in an urban area. 3 Mean difference between urban and rural was already provided in the original article. The relative difference was not assessable.
TABLE 7
Association of socioeconomic indicators with fruit and vegetable intake, by country income individuals. In Mexico, high-SES and urban groups increased their SFA and protein intakes (48) . However, in some countries, such as China, in the early stages of the nutrition transition, the domestic production and imports of vegetable oils also increased (8, 58) . As a consequence, unsaturated oil intake in the general population increased more than that of SFAs that came from imported meat and dairy products. Higher MUFA and PUFA intakes in advantaged groups might be attributable to higher intakes of healthier oils, which are less accessible than palm oil to low-income and rural populations (8, 59 ). High-SES and urban individuals consumed less fiber (43, 48, 49) . One study described the general decrease in fiber intake in Central America from 1969 to 1986 (53). This decrease, which was more pronounced for high-SES individuals, was partly explained by changes in consumption patterns because of more individuals working outside of home (53) . In the case of Mexico, higher fiber consumption in low-SES individuals may have been attributable to higher consumption of traditional fiber-rich foods (e.g., tortillas) (60). Although high-SES individuals consumed more fruit and vegetables, overall intake in the population was low according to international recommendations (49) . In transitioning economies, a westernization of diet led by globalization is both an opportunity for higher intake of healthy and diverse foods as well as an occasion for higher intake of low-priced, energy-dense foods. As in HICs, in MICs, high-SES or urban individuals had higher vitamin and micronutrient intakes probably because of a higher consumption of animal proteins (source of vitamin B-12 and iron) and fruit and vegetables (sources of vitamin C, iron, and potassium). Additional studies should assess the association of SES with vitamin intake in LICs.
High-SES and urban individuals consumed more fruit and vegetables (5), which supported a recent pooled analysis of data from 52 countries (including 11 LMICs) that showed higher fruit and vegetable consumption with increasing income and living in urban areas (61) . In the studies included in this review, the mostfrequently cited explanations for these associations were a lack of knowledge regarding fruit and vegetable health benefits (47) , their high cost (47, 49) , and limited access to fresh-food markets and stores because of limitations in transportation (49) . Moreover, fruit and vegetables produced in LMICs may be exported to increase income instead of being consumed locally. For instance, in Mexico and Thailand, fruit and vegetable consumption was low in rural areas (49, 51) .
Dietary quality, diversity, and healthy pattern
Irrespective of a country's income, a high SES and urban location were associated with higher dietary quality, diversity, and healthier patterns as shown in HICs (5). However, in LICs, higher dietary diversity in high-SES groups also included higher animal-food intake. Large numbers of rural inhabitants in many LICs, and even in some MICs, still have no access to electricity (62) and use unhealthy food-preservation methods (salt and smoked foods). They also have limited access to imported food products that may contain added sodium, sugar, and trans fat (63) but increase diet variety (64) .
Prices of staple foods increased sharply worldwide in recent years (65) , pushing millions of people in LMICs into poverty (66) . Increased prices reduced remittances streams (67) , which are an important source of income in LMICs (68) , and decreased higher intake in the lower socioeconomic status or rural group compared with the high socioeconomic status or urban group. FV, fruit and vegetable; None, nonsignificant associations; PR, prevalence ratio. 2 Refers to 1 of 3 regions in Bangladesh. 3 High socioeconomic status group or urban was the reference group. The analysis was performed by using logistic regression. 4 Difference between secondary or postsecondary compared with no education was already provided in the original article. The analysis was performed by using multiple linear regression. The relative difference was not assessable. 5 Low category of socioeconomic status was the reference category. 6 Mean difference between urban and rural was already provided in the original article. The relative difference was not assessable. 7 Refers to one region in Thailand. The analysis was performed by using logistic regression. 8 Refers to one region in Vietnam. The analysis was performed by using logistic regression. 9 Refers to one region in Indonesia. The analysis was performed by using logistic regression. 10 Refers to intake in years 1991 and 2009.
TABLE 8
Association of socioeconomic indicators with diet quality, diversity, and a healthy pattern by country income Difference between high and low socioeconomic status categories was already provided in the original article. The relative difference was not assessable. 3 Difference between high compared with low category or urban compared with rural was already provided in the original article as an NCD-preventive score or a micronutrient-adequacy score. A rating of 1 was assigned if intake met the FAO/WHO recommended dietary intake or 0 if not. The relative difference was not assessable. 4 Refers to the education level of the head of the household. 5 High socioeconomic status category was the reference group. 6 Significant coefficient of adherence to healthy dietary pattern was already provided. The relative difference was not assessable. 7 The low category was the reference group.
dietary diversity in low-SES groups (69) . However, higher dietary diversity does not necessarily imply that nutrient adequacy requirements are met (25) , and it is occasionally associated with higher unhealthy foods consumption such as frying oil and sweetened products (24) . In some MICs, high-compared with low-SES individuals consumed unhealthier diets (e.g., higher intakes of saturated fat, sugar, and energy-dense foods) (63) . A Brazilian national dietary survey showed a high prevalence of inadequate nutrient intake across all SES groups (although it was higher in low-SES groups) (70) . This result is in line with the hypothesis that the nutrition transition, which is linked to a country's economic development, trade liberalization, global advertising, and fast-food consumption (13), influences people of high SES first. These lifestyle changes eventually extend to other social strata over time according to the diffusion of innovation theory (71) .
Our results suggested that social inequalities in dietary intake exist in LMICs, with people with low SES or living in rural areas experiencing lower dietary diversity and lower intakes of important nutrients. In HICs, unhealthier dietary choices in lowcompared with high-SES individuals may be explained by several factors including, among others, the higher cost of healthier diets (5, 72) , unavailability of healthy foods in low SES neighborhoods, and lower response to nutrition-prevention messages (5) . Although mechanisms that underlie the social patterning of diet still need to be investigated in LMICs, policies preventing and controlling NCDs in LMICs should address these important aspects by increasing food variety, availability, and affordability for low-SES groups or the rural population. Interventions that could potentially improve diet quality and diversity in low-SES and rural individuals include government actions to ensure that selected healthy foods remain available at reasonable prices (73) , the subsidization of fruit and vegetables (74) , support of local food production (75) , empowerment of women to attain food security (76) , investment in communication and transportation infrastructures in rural areas, and the reformulation of manufactured foods by the food industry (77) regarding lower salt, saturated fat, and sugar contents and supplementation with vitamins and micronutrients. Cash transfers to poor communities have also been shown to increase fruit and vegetable consumption and dietary diversity in some studies in LMICs (78, 79) .
Study limitations
There were a number of limitations to this review. First, some results were discordant and dependent on the SES indicator examined, reflecting different aspects of food choices captured by SES indicators and the imprecision in assessing food intake (80, 81) . Second, no data were available in LICs regarding several nutrients, and several findings were limited to MICs. Third, few studies assessed compliance with dietary recommendations, which was likely due to the absence of adequate food-composition tables in some countries, and complicates the interpretation of the differences between SES or location groups. Similarly, most studies did not report whether intake was adjusted by total energy. Finally, because this review included studies from 17 countries at different levels of socioeconomic development that were conducted in different settings and years, there was heterogeneity in dietary assessment methods, food-consumption tables (whenever available), and measurements of SES indicators. Moreover, because measures of dietary variables and association measures considerably varied across studies, we could not perform a formal metaanalysis. However, we focused on within-study SES differences, and the impact of cross-study heterogeneity did not significantly alter our findings.
In conclusion, in LMICs, high-SES individuals and urban residents tend to follow a healthier diet, although they also consume more energy, cholesterol, and saturated fats and fewer fibers. Policies for the prevention and control of NCDs in LMICs should address the social patterning of diet.
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